Adenoviruses (AdV) are related to respiratory and gastrointestinal diseases in animals and human beings. Their wide genetic diversity in water bodies and their resistance to environmental conditions allow the use of AdV as a reliable marker for detection of fecal contamination. In this work, the diversity of AdV along Belo Streamin the city of Caxias do Sul, Rio Grande do Sul, Brazilwas evaluated. Samples were compared in both concentrated and unconcentrated forms. The identification of different AdV species was performed by amplifying a partial sequence of the DNA polymerase gene. AdV was detected in 24 out of 55 concentrated samples (43.6%) and the following species were identified: human adenovirus (HAdV) species C (4/55; 7.2%), D (6/55; 10.9%), E (2/55; 3.6%), and F (9/55; 16.3%). AdV related to other mammalian hosts, such as bovine adenovirus (1/55, 1.8%) and murine adenovirus (2/55, 3.6%), have also been identified; 23.6% (13/55) of the unconcentrated samples were positive, and identified as HAdV species C (6/55, 10.9%), D (1/55, 1.8%), and F (6/55, 10.9%). Results obtained evidenced the presence and the great diversity of AdV, mainly of human origin, circulating in Belo Stream. As expected, the concentration step performed helped to detect AdV in more samples.
INTRODUCTION
Waterborne diseases, such as gastroenteritis, represent a serious public health problem in developing countries. Several studies in literature confirm that there is a relation between the lack of basic sanitation and the dissemination of viral waterborne diseases, such as the ones caused by adenoviruses (AdV). The poorer the sanitation systems, the greater the impact of these illnesses. In addition, the lack or ineffectiveness of sewage treatment systems aggravates and leads to the deterioration of aquatic ecosystems (Heller et al. ; Prado & Miagostovich ; Spilki ) .
The use of water for recreation purposes is a common practice in tropical climate countries. The contamination of these water bodies can be generated by several polluting sources, such as domestic, agricultural, and industrial efflu-to the risk offered to human health by direct and prolonged exposure to pathogenic organisms, such as AdV (Bosch et al. ; Sinclair et al. ; Lodder et al. ) . Belo Stream is one of the tributaries of the Caí River Basin, located in the mountainous region of the state of Rio Grande do Sul (RS), in southern Brazil. Its springs are located in the city of Caxias do Sul, in both urbanized and industrialized areas, which add to domestic and industrial effluents. In the countryside, the impacts are the result of agricultural activities and animal husbandry when the area near to its mouth is used for recreation. Until now, no investigation has been carried out on the presence of enteric viruses in this region.
In this context, the aim of the present work was to compare results obtained from concentrated and unconcentrated samples for the presence and diversity of the mammalian polymerase DNA gene of AdV along a river known to be polluted by human and animal waste. A total of 55 samples were collected from four different points: 13 samples from P1, and 14 from P2, P3, and P4. A volume of 500 mL of surface water was collected in sterile flasks. These samples were stored at 4 C until the concentration process took place. A short description of the points is given in Table 1 .
MATERIAL AND METHODS

Study area and sampling
Viral concentration
A total of 55 samples containing 500 mL were collected.
From these 500 mL, 36 mL were concentrated by ultracentrifugation method, following the protocol: An aliquot was centrifuged at the rate of 41,000 × g at 8 C for 3 h. Thereafter, the precipitate was resuspended in 2 mL of Tris-EDTA buffer (pH 8.0), and vigorously homogenized in vortex for 1 min. The resuspended samples were aliquoted and stored in microtubes at À80 C until the DNA extraction process. Unconcentrated samples (55) were also evaluated and aliquoted into microtubes and stored at À80 C for further DNA extraction.
Extraction of genetic material
Genetic material from the concentrated and unconcentrated samples was extracted with a BioPur ® Kit from an initial volume of 200 μL according to the instructions described by the manufacturer. The final elution was performed in microtubes free of DNAse/RNAse, in which they were stored and maintained at À80 C until further processing.
Viral detection
To evaluate the presence of different AdV species, a partial sequence of the DNA polymerase (pol) gene was amplified by nested polymerase chain reaction (nested-PCR).
Measurements of the reaction were carried out for a final volume of 50 μL, as follows: 1 μL of Pol-F primer (5 0 -CAGCCKCKGTTRTGYAGGGT-3 0 ), 1 μL of the primer 50.0% (7/14)) as seen in Tables 2 and 3 . The sites with the lowest positivity were P2 (21.4% (3/14)) and P4 (7.1%
(1/14)) (Tables 2 and 3) for concentrated and unconcentrated samples, respectively.
Among the concentrated samples ( Figure 2 ), AdV was found in at least one collection point every month. 
Diversity of the AdV DNA polymerase gene
Based on the results obtained by nucletotide sequencing and phylogenetic analysis, it was found that the most prevalent species of AdV was F in both unconcentrated and concentrated samples, being found at a rate of 16.4 and 12.7%, respectively. On the other hand, the BAdV species was the one with less predominance in concentrated samples, being present in only one sample (1.8%) from P1. In the unconcentrated samples group D was the one less found, being in only 1.8% of the samples. It is important to point out that the HAdV-E, BAdV and MadV species were only identified among the water samples that were submitted to the concentration method (Tables 2 and 3 , and Figure 4 ).
Therefore, it may be claimed that the concentration method allows superior results to be obtained, since a great diversity of AdV species was identified, including from other hosts in addition to the human ones. HAdV found in recreational waters has been considered to cause gastroenteritis outbreaks and other diseases of the respiratory system due to one of its main characteristics:
DISCUSSION
the resistance to variations in environmental conditions (Sinclair et al. ) . Considering concentrated samples, the total number of positive samples found at P4 (place used for leisure and aquatic recreation) was six (6/14 (42.8%)) ( Table 1) . It is worth highlighting that among these six positive samples, three belong to group F, a major virus that causes gastroenteritis, and is also con- Furthermore, the authors also reported that the area with the second highest register was Desvio Rizzo. In this same area is located P1, which, as previously mentioned (Table 2) , was the point with the second highest number of positive samples (7/13 (53.8%)).
In contrast to what is found in the literature, HAdV belonging to the F group was detected more frequently in this study. In the literature, water sample analyses have shown that AdV belonging to group C are in a greater quan- AdV from other mammalian hosts were also detected, such as MAdV and BAdV. Recently, three types of MAdVs were described, and in this study, type 2 was identified. In general, AdV detection occurred during all the months of the study, and it can be stated that they did not present seasonally, a fact also observed by other studies Stream, which demonstrates the inefficiency or the absence of adequate sewage treatment processes to remove AdV.
Considering that part of this stream is used for leisure and recreation, such contamination can put the exposed population at risk.
